I. Introduction
Among the various exogenous agents inducing developmental anomalies in higher mammals, administration of chemicals to pregnant animals may be a suitable means for the detection of the mechanism of teratogenesis.
Sinclair ('50) recognized an abnormality of the nervous system of embryos after treatment of pregnant mice of an albino stock for several days from 7-8th day of gestation, with ethyl-urethan, but a further detailed study on the teratogenic effect of this chemical remained to be performed.
Hence, our study to be reported here was undertaken to observe the relation between the period of application of this chemical and. its teratogenic effects on the embryos of the pregnant mice.
II. Materials and Methods
Three to six months old pregnant mice, about 100 in number, of our colony, which originated from a mixed strain of our country and was raised in our laboratory for two or three generations, were used. On the third to 16th day of gestation, a 10% ethyl-urethan aqueous solution (Merck preparation) was injected intraperitoneally into them once, 2 or 3 times on consecutive days in a dosage of 1.5 mg per g of body weight. They were sacrificed mostly at term and in some cases in the third trimester, then their embryos were removed for observation. Examinations were made on the state of their pregnancy and the development of their embryos macroscopically or by a dissecting microscope. Moreover, paraffin sections of some organs and the placentae were made and stained with hematoxylin and eosin. Also, cleared specimens were made of the whole body by the potash-glycerin method with alizarin staining by L u n d v a 11 ('27) for study of the skeleton.
On the other hand, 57 pregnant mice were sacrificed at term to observe the developmental state of their embryos, as controls.
III.
Results and Discussion
First, a total of 414 offspring were removed from 5T pregnant mice of our colony at term.
Among them we recognized 18 dead fetuses or signs of resorption, but no malformed ones.
Next, in the first experiment, urethan was administered to 50 female mice on the 3-9th day after mating, the results of which are listed in table 1.
Tab'e 1. Effect of ethyl-urethan (10% aqueous solution) on fetuses of an early stage (1.5 mg per g of body weight, 1 or 2 injections) Table 1 indicates that urethan has a lethal effect on embryos in the early stage of fetal life or impedes their implantation.
In connection with this experiment, in order to observe the state of the embryos, which had died shortly after the injection, the following investigations were carried out earlier on 12 pregnant mice on the 7th or 8th day of gestation.
They were given an urethan intraperitoneal injection in a dosage of 1.5 mg per g of body weight, and were sacrificed on the 13th or 14th day of gestation.
It was found that there were living embryos in some cases, embryos in course of resorption in other cases, or only a sign of implantation in the uterine wall in the re-mainder of the cases. It seems that the urethan treated embryos die or become macerated soon or a few days after injection or are allowed to survive without maldevelopment. Next, urethan was administered to embryos on and after the 9th day of fetal life, and they were examined at term. The findings are shown in tables 2 and 3.
In this experiment, a fair lethal effect was recognized, and moreover, there was a definite relationship of increased mortality rate to increased frequency of injections.
Further, the results in the above tables demonstrate that frequent anomalies were induced by treatment during the period of the 9-12th day. As regards the type of malformations , they occurred mostly to the skeletal system, especially digitel anomalies and cleft palates predominated in number. As for the regions of appearance of the anomalies in the digits, polydactyly appeared often to the No. 1 digit of the hindfoot, and syndactyly, adactyly as well as brachyphalangia occurred mostly (1) $.
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to the No. 2, No. 3 and/or No. 4 digits of both fore and hindfeet (figs. 5, 6 and 7). The cleft palates which occurred were all complete _ones ( fig. 3 ). The cases mentioned as malformed neck regions were mostly dwarfish and their short neck looked like that of a pig ( fig. 1 ).
In the cases of protrusions of the cranial region, they were sometimes localized at the crown region, but other cases showed diffuse bulging.
In the cases of short tails, they were about one fourth or less in length compared to normal ones ( fig. 2 ). Comparing table 2 with  table 3 it was also shown that generally two or three injections in-, duced more frequent anomalies and more various types of malformations than one injection. Next, for the malformations, which occurred very frequently, namely cleft palates, digital malformations in either forefeet or hindfeet, critical periods were sought. From the results shown in the above two tables it appears that the critical periods fall between the 9-12th days.
Further, in addition to the data mentioned above, it was recognized that, generally, bodily growth of the offspring in the table 2 and 3 was suppressed. For instance, the average body weight of 119 fetuses of 19 pregnant mice with two injections on the 9-12th day was 710 mg (470 mg--950 mg) at term, whereas that of 414 fetuses of the control group was 1020 mg (750 mg-1550 mg). That is to say, the body weight of the former is significantly lower than the latter.
In addition, all the placentae of these malformed ones were also examined, however, no abnormalities were• recognized in size, shape, or tone of color.
Histological observations were made on several cases of malformations, the results of which revealed the following findings : Occasionally, some malformations were found actually to be of a different type in contrast to a macroscopic examination. Moreover, new types of malformations, which were not seen macroscopically, were sometimes found. For instance, there were cases, which showed syndactyly upon external observation, but were found to be accompanied by adactyly or brachydactyly upon histological observation ( fig. 9 ). It was always found that an absence of the ungual processus was, in reality, a shortness of the endphala nx. Besides, there were such cases as the true form of anomalies became apparent upon microscopic examination. For instance, digits with mal-direction resulted from the curvature of the phalangeal bone itself or the transformation of the joint, which revealed an abduction or adduction of the phalangeal bone. With the 6 FL Nishimura and M. Kuginuki exception of the cases of polydactyly, a retarded development of the precartilage was recognized in the digits of various malformations. Next, it was found that all the cleft palates were bilateral and were complete ones. Further, in observation of the cleared specimens of the head, we found that the ossification of the skull was generally inferior, and that there appeared a large space between both palatine processus of the maxilla or palatine bones on both sides, which form the posterior part of the palate (fig. 4 A) . The 3e findings are in accord with the results found by R e e d and S-n e 11 ('31) in an observation of the cleared specimens of the hereditary harelip of the house mouse. In the cases of the protrusion of the crown region, a hernia of the cerebral substance into the subcutaneous tissue ( fig. 12 ) and also an enlarged ventricle system were noted.
Sometimes hemorrhagenic areas of a high degree were seen in the vicinity of the lambdoid suture. In the cases of short tails, a retarded development of the caudal vertebrae was recognized. The placentae of the malformed fetuses were examined histologically, and it was revealed that all layers were normal and that no abnormalities such as degeneration or necrosis were present.
In reviewing the results, it should be noted that we found anomalies mostly in the skeletal system. This fact is not in accord with the results obtained by Sinclair ('50) , that when subhypnotic doses of ethyl-urethan were administered subcutaneously in the critical period to pregnant mice of an albino stock, the anomalies of the offspring were confined to the central nervous system. This difference may have been caused by the differences in strains of the animals or the time or method of injection. As chemical agents which induce malformations mostly in the skeletal system in mice, the following are . In regard to the types of malformations induced by ethylurethan, they are, above all, very similar to those induced by nitrogen mustard. Next, the effect of ethyl-urethan will be compared to that of irradiation which is said to have a similar cytological action. According to R u s s e 11 ('50), many types of malformations were induced in mice by irradiation, such as anomalies of the eyes, face, cranium, vertebral column, extremities, digestive and urogenital system etc. It should be noted that in this case more varied types of malformations were obtained than in our case. The critical period in the case of irradiation with the general survey dose of 200 r falls on the period of 6.5-13.5th day. Comparing to this case, the critical period in the case of urethran is far shorter.
This may be due to the fact that this chemical may be transferred to the embryo through the vascular system of the placenta, and affect it as stated below, whereas irradiation impedes the embryo directly.
Next, we shall consider the mechanism of teratogenesis in the case of urethan treatment.
As the cytological action of ethyl-urethan, it has been confirmed that this chemical has a mitotic poisoning property and acts apparently by an inactivating action of the enzymes etc. in rodents (G u ye r and Clau s, '47, Dusti n, '47, Balduin '49 , R o s i n, '51, F u h r man n, '50). In our case, it is presumed that the tissues of fetuses were directly affected after transportation of the chemical to the fetuses, keeping the following facts in mind : 1) M a r tland et al ('50) confirmed, after treatment of pregnant women with this chemical that this chemical was transferred to the fetuses without changing its structure, 2) in our case no abnormalities were found in the placenta. Now, how is the developmental state of the tissues at the time of treatment ? The developmental stage of some organs in their critical periods were examined in mouse embryos of our colony, the results of which are as follows : the primordia of the extremities were about to appear on the 9th day. The footplate was formed in the forelimbs on the 12th day, when the embryonal connective tissues were being condensed to become precartilage.
As for the palate , according to K a n am or i ('58) the palatine processus began to appear on the 11th or 12th day and fusion of both sides was completed on the 15th day in the majority of the cases. Thus, the organogenesis of the extremities and the palate, in which anomalies were most frequently found, seems to be taking place actively in the critical period for this chemical.
In this way it is plausible to conclude that the impediment to organogenesis is the first step in producing malformations.
IV. Summary
Pregnant mice from our colony originating from a mixed strain of our country were injected with a 10 % ethyl-urethan aqueous solu-11. Nishimura and M. Kuginuki tion in a dosage of 1.5 mg -per g of body weight, and its effects on the development of the fetuses were studied, the results of which may be summarized as follows : 1. Ethyl-urethan administration before the 9th day of gestation revealed that it apparently suspended the implantation of the ovum, or rendered a lethal effect upon them and it induces no anomalies in the survivors.
2. When ethyl-urethan was administered during the 9-12th day of gestation, it had a potent teratogenic, lethal, and growth suppressing effect upon the fetuses.
3. As for the types of malformations, most ones were found in the skeletal system, especially as the various digital malformations (maldirection, syndactyly, adactyly) and cleft palates, which appeared in many cases.
Besides, malformations of the neck region, reduction of tail length, or an encephalocele were found.
4. No abnormalities in the placentae of the malformed fetuses were recognized macroscopically or histologically.
5. It is probable that the above mentioned teratogenic effect of ethyl-urethan originated in the disturbed organogenesis. 11. Brachydactylia of digit No. 3 of the left hindfoot, in which a short proximal phalanx (P) is fused with a thin metatarsal bone (M).
12. Cerebral hernia, in which the brain substance (B) is herniated into the subcutaneous tissu..
